Introduction
The importance of the banking sector as a key player in interest rate passthrough has been recognized recently in literature concerning monetary policy transmission mechanisms. The interest rate channel, which operates when banks pass on changes in the monetary policy rate to interest rates for the customer, depends on how banks react to different shocks and to the state of the economy.
Given a change in the policy rate, the degree of rigidity in short-term interest rates is largely explained by the different features of the financial structure, such as the degree of competition in the banking sector, the size of the bank, the types of clients, and the loan-risk level financial institutions face.
The financial structure also can influence interest rate pass-through by affecting the way financial markets respond to macroeconomic conditions. In this respect, a macroeconomic shock can impact market interest rates directly, at the same time as the policy rate is responding to that shock. Therefore, when determining policy, monetary authorities should consider how the banks behave under different economic conditions. , 1 This evidence suggests the Colombian banking sector plays a relevant role as a provider of funds and as a deposit system for the private sector. Therefore, a complete analysis of the monetary transmission channels and interest rate passthrough must take into account bank behavior and the equilibrium in the loan and deposit markets.
Two particular episodes in the Colombian economy, where market rates differ substantially from the monetary policy rate, can illustrate the effect macroeconomic conditions and variables other than the policy rate have on banks' decisions and, consequently, on their interest rates (Graph 1). During the first period, between January 2000 and February 2001, the policy interest rate 2 was stable, while the market rates increased, possibly due to banks' increased perception of risk and the growing supply of government debt paper as an investment alternative. The result was fewer loans and deposits.
1 Source: Banco de la República's financial account. 2 The policy rate is the interest at which Banco de la República provides liquidity to the market through repo auctions.
In the second period, between July 2002 and May 2003, the market rates declined slightly, while the Central Bank's policy rate was left unchanged until December 2002, then raised 200 bp to curb inflationary pressures originating with the high depreciation in currency that affected the period. This divergent behavior between market rates and the policy rate can be explained, in part, by more growth in output, a better perception of risk on the part of the financial system, as well as the loss of value suffered by government securities. This increased the supply of loans and deposits, offsetting the upward pressure on interest rates stemming from growing country risk and high currency depreciation.
II. A Micro-banking Model
Pursuant to Freixas and Rochet (1997) , we developed a partial equilibrium micro-banking model that takes into account the existence of liquidity risk and market risk, as well as the impact of other economic variables on the supply of deposits and the demand for loans by the public to explain interest rate passthrough under a competitive structure in the banking sector.
Banking activity is modeled as the production of deposit and loan services. The technology for those services is represented by a cost function that depends on the volume of deposits and loans: C(D,L), which is the same for all the banks.
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Given that technology, we examined the behavior of a particular bank in a sector comprised of N risk-neutral banks that are price takers. 4 Each bank faces a liquidity risk when its reserves are insufficient to cover the total amount of withdrawals demanded by its depositors. If we assume the level of reserves chosen by the banks and the amount of withdrawals depend on the level of deposits, so that R = rD and X = xD, where 0 ≤ r ≤ 1 and x ∈ [0.1], the maximum amount of withdrawals will be equal to the total amount of deposits, and when x ∈ (r.1], the banks have to borrow the shortfall from the Central Bank, incurring a cost I D r r DE x r p , m a x ,
, where r p is the policy interest rate. Specifically, when the proportion of withdrawals follows a uniform distribution between 0 and 1, x u
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Source: Banco de la República. The costs are assumed to be separable; that is, the existence of economies of scope is not taken into account.
To understand how credit risk influences decisions on the banks' interest rates, we introduced a simple approach in which banks can recover only a fraction δ of the loans they grant. That portion depends positively on the economic conditions of the agents, measured by income (Y), and negatively on the loan interest rate (r L ). Therefore, only a portion δ (Y, r L ) of the loans are repaid and the agents pay interest only on that fraction. In this way, each bank has a net income given by:
In addition to income from loans, banks have another source of earnings, given the possibility of investing their resources in an illiquid, but risk-free asset such as domestic government bonds (TES), with return r T .
Each bank chooses the volumes of deposits ( D), loans ( L ), reserves ( R ) and government securities ( T ) that maximize its profits, subject to the balance sheet constraint.
The first-order conditions of this problem are the following:
(1)
where C´L and C´D are the marginal operating costs. To simplify the analysis, and pursuant to Freixas and Rochet (1997) , it is assumed these costs are constant:
Equation (1) implies that a competitive bank selects the ideal amount of deposits in such as way that the marginal net income, taking credit risk into account,
. , is equal to the marginal cost, which pertains to the operational and illiquidity costs, 1
(2), the marginal income from government bonds (r T ) must equal their marginal opportunity cost, δ γ .
With equation (3), the optimal level of reserves depends on the opportunity cost of not lending these resources to the private sector, as well as the savings derived from not having to borrow the shortfall from the Central Bank.
Combining the equilibrium conditions of each of the markets with the balance sheets of the banks gives us the equilibrium interest rates. Therefore, the competitive equilibrium is characterized by equations (1) to (3) and the following conditions:
In that equilibrium, the banks' balance sheet is given by:
where:
• D, T, L represent, respectively, the aggregate demand for deposits and government bonds and the loan supply in the banking system.
• The total supply of deposit from the agents,
positively on the local deposit interest rate and income, and negatively on the foreign deposit interest rate and the rate of return on government bonds, which are imperfect substitutes for local deposits.
• The demand for loans on the part of the public
negatively on the local loan interest rate, and positively on the agents' level of income and the interest rates on foreign loans, which are assumed to be imperfect substitutes for local loans.
• The supply of government bonds (T s ) is exogenous and the demand for them on the part of agents in the economy other than the banks,
, depends positively on the agents' income and the return on those securities, and negatively on the interest rate paid on the imperfect substitutes for this asset, such as local and foreign deposits.
The equilibrium interest rates in the deposit and loan markets are derived from equations (1), (2), (3) and (8) as implicit functions of the exogenous variables.
These functions are potentially non-linear, because they depend on the functional forms of the deposit supply and loan demand, as well as the distribution function of withdrawals, if these are not distributed evenly.
III. The Results
The comparative static analysis of equations (1) to (3) and (8) enables us to appreciate how shocks to the exogenous variables affect deposit and lending rates.
Result 1:
The effect of a shift in the monetary policy interest rate (r p ) on the equilibrium loan interest rate is positive, while the effect on the deposit interest rate is ambiguous.
An increase in the policy interest rate makes it more expensive for banks to cover a liquidity shortfall. This has two possible implications. On the one hand, the banks have incentives to maintain more reserves, via a smaller loan supply or more deposit demand. On the other hand, because the level of withdrawals depends on the total amount of deposits, the increased illiquidity cost reduces the banks' demand for deposits. The interaction of these two effects implies an increase in the loan interest rate and an ambiguous impact on deposit interest rates.
Result 2:
A change in foreign interest rates or in expectations of depreciation has a positive impact on equilibrium loans and deposit interest rates.
If foreign interest rates or expectations of depreciation increase, agents in the local economy witness a higher cost for borrowing abroad. This raises the demand for local loans and brings upward pressure to bear on the interest rate for such loans. The increased demand for loans is an incentive for banks to demand more deposits, at the same time as the agents reduce their supply, because higher interest rates make it more attractive for them to deposit abroad. Both these effects on the deposit market operate in the same direction, pushing up the interest rate.
Result 3:
The effect of a change in income level on equilibrium loan and deposit interest rates is ambiguous.
An increase in income raises the supply of deposits and the demand for loans on the part of the public, implying a decline in the deposit rate and an increase in the loan rate. To satisfy the increased demand for loans, banks raise their demand for deposits, pushing up their interest rate. Moreover, because the agents are in a better economic situation, a higher percentage of loans will be repaid, thereby reducing credit risk and giving banks an incentive to offer more loans. This will exert downward pressure on the loan interest rate. In all, the ultimate effect of a change in income is ambiguous.
Result 4:
An increase in the supply of government securities (T s ) implies an increase in the equilibrium level of loan and deposit interest rates.
An additional supply of government securities implies a reduction in the supply of deposits made by companies and households, and a decline in the supply of loans from commercial banks, all of which pushes up interest rates. The impact on the deposit interest rate is reinforced if banks increase their demand for deposits to fund the purchase of government bonds.
In general, the response from bank interest rates to exogenous shocks may not be linear and can depend on macroeconomic variables that affect the elasticities of deposit supply and the demand for loans. In other words, this response can be complex and may depend on the state of the economy.
IV. Econometric Evidence
The theoretical model described in the previous section implies that market interest rates are influenced by factors other than the policy rate. Therefore, an estimate of interest rate pass-through must take into account the role played by other macroeconomic variables, which can affect equilibrium in the loan and deposit markets.
Two econometric approaches were developed to test this hypothesis. To begin with, once the possible long-term relationship between market and policy interest rates is proved, error correction models are estimated, in which the macroeconomic variables suggested by the theoretical model are included as explanatory variables of the short-term dynamics of the market rates. With the second approach, it is assumed that some of the macroeconomic variables may be endogenous in a general equilibrium context, which is why a VARX is estimated. Then, Granger causality tests are performed to verify the significance of the macroeconomic variables in the market interest rate equation, and the impulse-response functions are examined to check the reaction of those rates to different shocks. Tables 1 and 2 , show the estimates of different models for two measurements of the deposit interest rate (DTF and M3). 5 In most cases, variables other than the policy interest rate and the residual of the long-term equation are significant in the error correction equations and have the expected signs. Accordingly, and based on the estimates, it is possible to conclude that the short-term momentum in deposit interest rates is influenced by other macro variables, as the theoretical model suggests.
Nevertheless, to assess the impact of exogenous shocks on market rates, one must consider not only their direct influence, but also the indirect effects occasioned by other macro variables that are endogenous in a general equilibrium context. To capture these dynamics, a VARX was estimated for a set of variables in first differences. Tables 3 and 4 show the Granger causality tests for two deposit interest rates with two specifications: one with the price change in government bonds as a proxy for the profitability of these securities and the other without. The results of these estimates demonstrate that most of these variables Grangercause the market interest rates. The M3 interest rate is a weighted average of the interest rates on different types of deposits (savings, 90-day CDs and 360-day CDs). Table 1 The impulse-response functions for DTF and M3 interest rates show a positive short-term reaction to changes in the policy rate, as well as reactions to other shocks in the direction theory predicts.
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rates is not taken into account, the size of the sample does not allow us to use a more adequate technique, such as a VEC. Granger Causality Tests on DTF Table 3   Table 4 V. A Small Open-economy Macro Model
The macro variables that could affect market interest rates are regarded as exogenous in a partial equilibrium model, such as the one described earlier.
However, these variables can become endogenous once the functioning of the economy as a whole is considered. So, shifts in policy can have both a direct and indirect effect on market rates through shifts in income depreciation, inflation or expectations. By the same token, some shocks to the economy can have a direct effect on market interest rates, given a constant policy rate.
There is a policy implication with the previous arguments: 
Where D(.) and C(.) are deposit supply and loan demand functions, respectively; r(.) is the portion of deposits that banks optimally choose to hold as reserves; Y is the output level; i D is the nominal deposit rate; i p is the policy rate; m is a constant intermediation spread that depends on operating costs; i * is the foreign nominal interest rate; and Based on a long-term equilibrium situation where π = π e = π
TARGET
, and assuming the Central Bank is strictly committed to the inflation-targeting policy (moving its policy rate so the inflation target is met in every period), and assuming the public fully believes in that policy, a transitory shock to the foreign interest rate implies that
. Therefore, the required policy rate adjustment, when the Central Bank knows all the parameters and the economic structure, will be: Three results were obtained from this equation:
The "direct" response of the policy rate to the required adjustment in the market rate is not necessarily equal to 1. The expression (ii) In addition to the "direct" response to the required adjustment in the market rates, the policy rate may respond independently to this shock.
)( )is generally negative, implying a negative reaction from the policy rate to a shift in foreign interest rates. Intuitively, if the market rates react directly to the shock, the policy rate need not be adjusted too much. This effect can be offset or reinforced by the shift in expectations of depreciation that result from the shock itself.
iii)
Policy interest rates also may respond to the change in output that follows the shock. In this case, the effect on policy rates is ambiguous, since changes in output impact both loan demand and deposit supply, causing market rates to move in opposite directions.
Graph 2 shows the simulations of a transitory shock to the foreign interest rate in a small, open-economy model with backward-looking expectations, imperfect capital mobility and a banking sector faced with liquidity risk. Additionally, the simulations assume the Central Bank sets its policy rate in such a way that π = π TARGET = 0.
The aspect to be emphasized in the simulations is the behavior of policy and market interest rates. Although both rates have the same dynamics, their ratio shows the reaction of the policy interest rate to the foreign shock is proportionally lower than the response of the market rate. This is because the shock to the foreign interest rate has an independent impact on market rates, so the reaction of the policy rate required to keep inflation on target need not be as large as the reaction required of the deposit rate.
VI. Conclusions
Unlike the traditional approach to monetary policy, which regards the banking sector as a passive aggregate, this article focuses on the implications of modeling commercial banks as independent entities that optimally react to conditions in their environment.
Based on a microeconomic model of the banking firm and the credit and deposits markets, two important results were found and should be considered when estimating interest rate pass-through. First, it was found that certain macroeconomic variables other than the policy rate are relevant in determining equilibrium interest rates. Secondly, it was found that the relationship between the policy rate and the market rates may not be "one-to-one", and is possibility not linear. This implies that the response of market interest rates to changes in the policy interest rate may be a complex process that depends on the state of the economy.
Finally, the small macro model illustrates how important it is for the Central Bank to understand the behavior of commercial banks with respect to interest rate pass-through. In particular, consideration of the direct impact of exogenous shocks on the financial system can affect the appropriate policy response. Depending on its empirical relevance, this hypothesis implies the Central Bank could fail to meet its targets or introduce excessive volatility into interest rates and output, if the behavior of the financial system is ignored. Source: The authors' calculations.
